this work, an isocratic elution HPLC method with the most simple mobile phase (methanol solution including acetic acid) and the most common stationary phase (ODS) was developed for the simultaneous separation of the five hydroxyanthraquinones in rhubarb medicinal material and in plasma, urine and cerebrospinal fluid (CSF) of experimental animals being fed the drug. This method shows a high sensitivity and a good resolution, and is suitable for the determination of Chinese medicinal materials and relative pharmacological samples.
Experimental

Apparatus and chemicals
The HP1100 HPLC system (Hewlett-Packard, USA) consists of a quaternary pump, a vacuum degasser, a thermostated column compartment, a diode array detection (DAD), a 20 µl manual injector and an HP Chemstation.
All of the chemicals used in this study were of analyticalreagent grade, and deionized water was used to prepare a mobile phase and other solutions.
The five hydroxyanthraquinones (aloe-emodin, rhein, emodin, chrysophanol and physcion) were purchased from the National Institute for the Control of Pharmaceutical and Biological Products. Rhubarb (crude medicinal material) was collected from Chengdu (Sichuan Province, China). A simple and reliable high-performance liquid chromatographic (HPLC) method was developed for the simultaneous determination of five hydroxyanthraquinones (aloe-emodin, rhein, emodin, chrysophanol, and physcion) in Rhubarb and experimental animal bodies. A Zorbax SB-C18 column (250 mm × 4.6 mm i.d., 5 µm) and a methanol-0.5% acetic acid (85:15, v/v) mobile phase were used for the separation. The detection wavelength of a diode array detector (DAD) was set at 254 nm. Regression equations revealed a linear relationship (R 2 > 0.9996) between the mass of hydroxyanthraquinones injected and the peak areas detected by DAD. The detection limits (S/N = 3) ranged from 0.35 ng to 3.13 ng, and the recoveries ranged from 83% to 103% for different hydroxyanthraquinones. This method is simple, sensitive and suitable for the analysis of hydroxyanthraquinones in medicinal materials and pharmacological experiment samples. solution (including 0.4% dioxane) with a concentration of 100 mg/L. The standard mixtures were prepared using these stock solutions.
Sample preparation
Crushed rhubarb (100 mg) was extracted with 25 ml of ethyl acetate by placing in an ultrasonic bath for 30 min, and was deposited for about 1 h. A 0.5 ml portion of this solution was transferred into a flask and evaporated to dryness by an evaporator. The residue was dissolved in 0.5 ml of methanol. This solution was filtered through a 0.45 µm membrane filter for HPLC analysis.
Freezing experimented animal samples (plasma, urine and CSF of rats) were thawed at 25˚C for about 10 min. Then, 5.0 ml portions of the samples were centrifuged (3000 r/min) for 20 min, and then the solutions were transferred into vials and mixed with 15 ml of methanol-ethyl acetate (12:88, v/v) solution. After shaking for 1 min, each sample was centrifuged (3000 r/min) for 20 min again and deposited for about 30 min. The upper layer solution was transferred into a flask and evaporated to dryness. The residue was dissolved in 0.5 ml of methanol and filtered through a 0.45 µm membrane filter before HPLC analysis.
HPLC conditions
A separation column (Zorbax SB-C18, 250 mm × 4.6 mm i.d. 5 µm, Hewlett-Packard, USA) and a guard column (Zorbax-C18, 12.5 mm × 4.6 mm i.d. 5 µm) were used. The mobile phase used was methanol-0.5% acetic acid (85:15 v/v) at a flow-rate of 0.6 ml/min. The detection wavelength was set at 254 nm. The column temperature was 30˚C, and the injection volume of samples was 20 µl by a loop injector.
Results and Discussion
Separation of the hydroxyanthraquinones
The methanol content in the moble phase showed a great effect on the retention of the hydroxyanthraquinones, and with increasing the content of methanol, the hydroxyanthraquinones would be eluted more quickly. Using methanol-water (85:15, v/v) as the mobile phase, the analysis time was short, and the resolution was sufficient for a quantitative analysis of the five hydroxyanthraquinones. Acetic acid in the mobile phase could improve the peak tailing and the detection limits of the hydroxyanthraquinones, especially rhein. The best separation and peak shapes could be obtained when the concentration of acetic acid in the mobile phase was 0.075% -0.15%. Therefore, methanol-0.5% acetic acid (85:15 v/v) was employed as the mobile phase in this work. The chromatograms of a standard mixture of the hydroxyanthraquinones and a rhubarb extract sample at the selected chromatographic conditions are shown in Fig. 2 . A good separation of the five hydroxyanthraquinones was obtained.
Parameters for quantitative analysis Linearity and detection limits.
Mixtures of the five hydroxyanthraquinones with different concentrations were prepared for calibration curves. The linear range and detection limits (S/N = 3) for the five hydroxyanthraquinones were investigated, the results are shown in Table 1 . Over two orders of magnitude, a good linearity was observed for all of the analytes. The detection limits of DAD (S/N = 3) were between 0.35 ng and 3.13 ng for the hydroxyanthraquinones. The linear equation between the mass of the analytes injected and the peak area can be expressed as C = bA + a, where A is the peak area measured by DAD, C is the mass of analytes injected, and a and b are constants. Dependability of the method. The recovery of the method, including all experimental procedures from the sample pretreatment to the chromatographic analysis, was measured using the rhubarb extracts and pharmacological experiment samples (plasma and urine of the experimented rats). Suitable amounts of hydroxyanthraquinones standard (aloe-emodin 25.76 µg, rhein 21.16 µg, emodin 18.68 µg, chrysophanol 21.56 µg, physcion 18.76 µg) were added to the extracts of 100 mg of rhubarb and 5 ml of pharmacological experiment samples, respectively. The samples to which standards were added were pretreated and analyzed using the developed HPLC method. The recoveries were expressed as the mean percentage ratio between the found amounts and the added amounts. The recoveries ranged from 83% to 103% ( Table 2 ). As shown in Table 2 , good recoveries were obtained for the rhubarb extract Calibration curve equation Calibration coefficient Detection limit/ng Table 1 Parameters of the linearity and detection limit for the five hydroxyanthraquinones (96% to 103%) and the urine of rats (96% to 100%), but lower recoveries were obtained for the plasma of rats (83% to 87%). It is stated that the matrix of some pharmacological samples could influence the pretreatment of the samples, and reduce the determination results of the analytes. In the sample pretreatment procedure, pure methanol, but not the mobile phase, was used for dissolving the sample residues for all samples, because we found that the recoveries of rhein were lower when the mobile phase was used for dissolving the sample residues.
The precision of the chromatographic determination for the proposed method, expressed as a relative standard deviation (RSD), was calculated by seven replicate injections of each sample (inter-day). The samples used were the same as in the recovery experiment. The RSDs of the measured concentration values of the hydroxyanthraquinones are shown in Table 3 . The RSDs of the chromatographic determination were 0.42% -5.58% for the five hydroxyanthraquinones.
Analysis of samples
The solutions of the rhubarb extracts were analyzed by the developed HPLC method under selected conditions. The peakarea calibration curves were used for a quantitative analysis of the hydroxyanthraquinones. The calculated contents of five hydroxyanthraquinones in rhubarb crude drug were 0.62 mg/g for aloe-emodin, 0.17 mg/g for rhein, 1.00 mg/g for emodin, 6.99 mg/g for chrysophanol, and 11.28 mg/g for physcion, respectively.
The developed method in this work was also applied to an analysis of the pharmacological experiment samples of rhubarb. Wistar rats (10 weeks old) were orally feed rhubarb extract (correspond to 0.5 g medicinal material per 100 g of avoirdupois of rats), and obtained the urine, plasma and CSF of the rats. The chromatograms of the urine samples of the rats sampling after and before drug-feeding are shown in Fig. 3 . The determination contents of the five hydroxyanthraquinones in the plasma, urine and CSF of the rats are shown in Table 4 . The contents of the drug compounds from rhubarb were much lower in the plasma and CSF of the rats, while they were over two orders of magnitude higher in the urines than in the plasma and CSF.
A simple, reliable HPLC method for the simultaneous determination of the five hydroxyanthraquinones in rhubarb and its metabolite in plasma, urine and cerebrospinal fluid (CSF) was developed. This method requires only a common stationary phase and a simple mobile phase, and gives good separation and peak shapes. This method has a high sensitivity and a wide linear range. Therefore, it is suitable for the quality control of medicinal materials and pharmacokinetic studies of rhubarb. 
